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ABSTRACT
We use ASAD2, the new version of ASAD (Analyzer of Spectra for Age Determination), to
obtain the age and reddening of 27 LMC clusters from full fitting of integrated spectra using
different statistical methods (χ2 and K-S test) and a set of stellar population models including
GALAXEV and MILES. We show that our results are in good agreement with the CMD ages
for both models, and that metallicity does not affect the age determination for the full spectrum
fitting method regardless of the model used for ages with log (age/year) < 9. We discuss the
results obtained by the two statistical results for both GALAXEV and MILES versus three
factors: age, S/N and resolution (FWHM).
The predicted reddening values when using the χ2 minimization method are within the range
found in the literature for resolved clusters (i.e: < 0.35), however the K-S test can predict
E(B−V) higher values. The sharp spectrum transition originated at ages around the supergiants
contribution, at either side of the AGB peak around log (age/year) 9.0 and log (age/year) 7.8
are limiting our ability to provide values in agreement with the CMD estimates and as a result
the reddening determination is not accurate. We provide the detailed results of four clusters
spanning a wide range of ages. ASAD2 is a user-friendly program available for download on the
Web and can be immediately used at http : //randaasad.wordpress.com/asad− package/.
1. Introduction
Accurate ages of star clusters provide critical in-
formation about the formation history of the host
galaxy and particularly its assembly timescales.
Our goal in this work is to present the results
of, and, offer a user-friendly program which can
provide the parameters of the stellar clusters au-
tomatically from their integrated spectra. Such
a program can be used with large surveys in
which the stellar clusters’ integrated spectra are
obtained, so that important parameters (age and
reddening) can be quickly extracted in order to ob-
tain scientific information about the host galaxy.
The Large Magellanic Cloud is close enough so
that its stellar clusters can be resolved to derive
accurate ages, yet far enough to obtain the in-
tegrated spectra of these clusters. This makes
the LMC stellar clusters ideal for testing the inte-
grated spectra methods of obtaining the ages.
Although there are different ways to derive the
age, we use the method of the full integrated
spectrum fitting. This way we exploit the full
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information contained in the integrated cluster
light, which is the only way to study stellar clus-
ter systems in distant galaxies. Despite the well
known age-metallicity degeneracy, Bica & Alloin
(1986) and Ben´ıtez-Llambay et al. (2012) have
shown that metallicity does not play a signifi-
cant role in the optical range when applying spec-
tral aging methods, hence we apply the method
of Ahumada et al. (2002); Palma et al. (2008) of
solving for age and reddening as most of our clus-
ters are young (log (age/year) < 9). In Asa’d
(2014), we introduced the Analyzer of Spectra
for Age Determination (ASAD) package, that can
solve for age and reddening of stellar clusters si-
multaneously assuming constant metallicity. This
has been performed by a χ2 minimization be-
tween the observed optical integrated spectra of
the clusters and the synthetic model spectra to
find the best match. In this work we introduce
ASAD2, the updated version of ASAD, with en-
hanced features. We use a fixed LMC metallicity
Z=0.008 in this work. In section 2 we briefly de-
scribe the data. We summarize the features of
ASAD presented in Asa’d (2014) and introduce
the new statistical method of ASAD2 in section 3.
The new version of our program provides a more
extensive set of model libraries for matching, in-
cluding GALAXEV models (discussed in Section
4.1) and MILES models (discussed in Section 4.2)
followed by analysis of error estimates. Reddening
predictions are discussed in section 5. In section
6 we discuss the results obtained for four of our
clusters. A summary is given in Section 7.
2. The Data
The data set used in this work is the one pre-
sented in Asa’d et al. (2013). Twenty LMC clus-
ters were obtained in two observing runs in 2011
with the RC spectrograph on the 4 m Blanco
telescope and with the Goodman spectrograph
on the SOAR. We obtained integrated spectra by
scanning the cluster with the slit starting on the
southern edge, with the slit aligned eastwest. To
expand our sample, we used seven additional LMC
stellar clusters from the literature: Four clusters
from Santos et al. (2006) and three clusters from
Palma et al. (2008). These spectra were kindly
provided by the authors. Table 1 shows the tar-
gets observed with a summary of the literature
age and reddening.
3. ASAD Full Spectrum Fitting Tool
In its first version, ASAD (Asa’d 2014) out-
puts the age and reddening of stellar clusters
of known metallicity from their integrated spec-
tra. It performs a χ2 minimization by compar-
ing the observed integrated spectra to the spec-
tral models of Gonzalez Delgado et al. (2005). In
this section we will use the same spectral models
of Gonzalez Delgado et al. (2005) but investigate
the method used by Burke et al. (2010) to measure
the goodness of fit between observed and model
spectra, namely the Kolmogorov−Smirnov (K-S)
test. This test selects the maximum of the abso-
lute value of the difference between the cumula-
tive observed spectrum and the cumulative model
spectrum each normalized to unity over the range
of wavelengths included in the fit1. We used the
same input parameters as the ones in Asa’d et al.
(2013), a wavelength range of 3626 − 6230 A˚,
and a step size of 3A˚ normalized at 5870A˚. The
Cardelli et al. (1989) extinction law was used with
reddening values between 0.00 and 0.50 in steps
of 0.01. Column 2 in Tables 2 and 3 show the
results for the best age and reddening value ob-
tained. Column 3 lists the percentage error. It is
noticed that although no values of E(B−V) higher
than 0.35 were found in the literature for the LMC
clusters, the K-S test predicts E(B−V) values as
high as 0.49. An investigation of the surface plot
of NGC2002, the cluster with the highest model
E(B−V), is shown in Figure 1. It shows that for
NGC2002 many solutions for the age/reddening
combination are possible (i.e. dark red regions)
based on the K-S test. The possible solutions lay
in a narrow region of log (age/year) between 6.7
and 7, with a wide region in reddening extending
from 0.26 up to 0.49. Note that there is a signifi-
cant decrease of the reddening estimate below log
(age/year) of 7. This is likely because it corre-
sponds to the peak of the Red Supergiants contri-
butions, which redden the resulting stellar popula-
tions spectra. When the reddening limit allowed in
ASAD2 is expanded to 0.8, the predicted E(B−V)
gets as high as 0.61 for this cluster. However, we
know virtually all clusters in the LMC have line of
1ASAD2 allows the user to choose the statistical method
preferred (χ2 minimization method or the K-S test method)
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Table 1
Targets Observed
Name Run/Source Resolution (A˚) S/N Age1 Reference E(B-V)2 Reference
NGC1711 Blanco2011 14 118 7.40 Elson (1991) 0.16 Persson et al. (1983)
NGC1856 Blanco2011 14 67 7.90 Hodge (1984) 0.21 Kerber et al. (2007)
NGC1903 Blanco2011 14 28 7.85 Vallenari et al. (1998) 0.16 Vallenari et al. (1998)
NGC1984 Blanco2011 14 54 6.85 Hodge (1983) 0.14 Meurer et al. (1990)
NGC2011 Blanco2011 14 46 6.78 Hodge (1983) 0.08 Meurer et al. (1990)
NGC2156 Blanco2011 14 49 7.78 Hodge (1983) 0.1 Persson et al. (1983)
NGC2157 Blanco2011 14 79 7.60 Elson (1991) 0.10 Persson et al. (1983)
NGC2164 Blanco2011 14 98 7.70 Hodge (1983) 0.1 Persson et al. (1983)
NGC1651 SOAR2011 3.6 4 9.30 Mould et al. (1986) 0.09 Mould et al. (1986)
NGC1850 SOAR2011 3.6 22 7.60 Hodge (1983) 0.18 Alcaino & Liller (1987)
NGC1863 SOAR2011 3.6 21 7.76 Alcaino & Liller (1987) 0.2 Alcaino & Liller (1987)
NGC1983 SOAR2011 3.6 16 6.90 Hodge (1983) 0.09 Meurer et al. (1990)
NGC1994 SOAR2011 3.6 49 6.86 Hodge (1983) 0.14 Meurer et al. (1990)
NGC2002 SOAR2011 3.6 18 7.20 Elson (1991) 0.12 Persson et al. (1983)
NGC2031 SOAR2011 3.6 9 8.20 Dirsch et al. (2000) 0.09 Dirsch et al. (2000)
NGC2065 SOAR2011 3.6 33 7.85 Hodge (1983) 0.18 Persson et al. (1983)
NGC2155 SOAR2011 3.6 10 9.40 Elson & Fall (1988) 0.02 Kerber et al. (2007)
NGC2173 SOAR2011 3.6 7 9.32 Mould et al. (1986) 0.14 Mould et al. (1986)
NGC2213 SOAR2011 3.6 7 8.95 Da Costa et al. (1985) 0.09 Da Costa et al. (1985)
NGC2249 SOAR2011 3.6 7 8.82 Elson & Fall (1988) 0.01 Kerber et al. (2007)
NGC1839 Santos et al. (2006) 14 - 7.52 Alcaino & Liller (1987) 0.27 Alcaino & Liller (1987)
NGC1870 Santos et al. (2006) 14 - 7.86 Alcaino & Liller (1987) 0.14 Alcaino & Liller (1987)
NGC1894 Santos et al. (2006) 14 - 7.74 Dieball et al. (2000) 0.1 Dieball et al. (2000)
SL237 Santos et al. (2006) 14 - 7.43 Alcaino & Liller (1987) 0.17 Alcaino & Liller (1987)
NGC2136 Palma et al. (2008) 17 - 7.60 Hodge (1983) 0.10 Persson et al. (1983)
NGC2172 Palma et al. (2008) 17 - 7.78 Hodge (1983) 0.1 Persson et al. (1983)
SL234 Palma et al. (2008) 17 - 7.68 Alcaino & Liller (1987) 0.15 Alcaino & Liller (1987)
1These are the CMD ages obtained from the literature. The unit is log(age/yr)
2These are the E(B-V) obtained from the literature.
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sight extinction values well below this. The red-
dening and age are seen as highly correlated us-
ing the K-S matching algorithm. This does not
happen to the same level when using the χ2 min-
imization method as shown in Figure 2. Figure 3
shows the correlation between the ages obtained
using the K-S method and the CMD ages. The
correlation coefficient is 0.78. The red dashed line
is the fit line. For NGC2213 although the CMD
log (age/year) is 8.95, the K-S method gives a pre-
diction of 6.8. A closer look at the reddening pre-
dicted for this cluster shows a high value of 0.48.
For this cluster the age/reddening degeneracy was
not resolved properly with the K-S method, this
might be due to the bad S/N. We show in Section
4.3 that the difference in age predictions by the
K-S test versus the χ2 minimization method vary
for S/N < 60 and it is minimum for S/N > 60.
4. Stellar Populations Model Libraries
The two new models added to ASAD2 are
GALAXEV (Bruzual & Charlot 2003) and MILES
(Vazdekis et al. 2010) as recently updated in
Vazdekis et al. (2015)
4.1. GALAXEV
We use the optical range of the GALAXEV
(Bruzual & Charlot 2003) models which con-
tain the spectral evolution of stellar populations
at a resolution of 3A˚ (FWHM). We chose the
spectral models derived using the Padova 1994
(Bertelli et al. 1994) evolutionary tracks and the
Salpeter (1955) IMF with lower mass cutoff 0.1
solar mass and upper mass cutoff of 100 solar
mass.
The ages are converted into log (age/year) and
rounded to two decimal points2.
We used fixed metallicity Z = 0.0083. The re-
sults obtained using the χ2 minimization method
and the percentage errors are listed in columns
4 and 5 of Tables 2 and 3. Figure 4 shows
2The ages provided by the model are not perfectly uniform
in the step size. They start at log (age/year) 5.10, and
increase in step of 0.05 up to 6.00 then increase in steps
of 0.02 up to 7.48 then vary slightly in the step size up
to 10.10. The spectral fluxes between log (age/year) 5.1
and 6.2 are identical so ASAD2 skips the ages less than log
(age/year) 6.2.
3represented by m52 in the model library
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Fig. 1.— The surface plot of NGC2002 predicted
by Gonzalez Delgado et al. (2005) model with the
K-S test. The dark red regions represent the best
match. Four solutions for the age/reddening com-
bination are possible. The possible solutions lay
in a narrow region of log (Age/year) that is be-
tween 6.7 and 7, but a wide region of reddening
extending from 0.26 up to 0.49.
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Fig. 2.— The surface plot of NGC2002 using
Gonzalez Delgado et al. (2005) model with the χ2
minimization method. Only one solution for the
age/reddening combination is strongly preferred
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Table 2
Age predicted by different model libraries using different statistical methods
Name Age1 Error Age2 Error Age3 Error Age4 Error Age5 Error
NGC1651 8.90 60% 8.96 54% 8.81 68% 9.05 44% 8.75 72%
NGC1711 7.55 41% 7.63 70% 7.58 51% - - - -
NGC1839 8.05 239% 8.11 289% 8.11 289% - - - -
NGC1850 7.75 41% 7.70 26% 7.76 45% - - - -
NGC1856 8.45 255% 8.41 224% 8.36 188% 8.54 337% 8.45 255%
NGC1863 7.45 51% 7.51 44% 7.46 50% - - - -
NGC1870 7.80 13% 7.86 0% 7.81 11% 8.00 38% 7.85 2%
NGC1894 7.85 29% 7.81 17% 7.81 17% - - - -
NGC1903 7.85 0% 8.16 104% 7.86 2% 8.11 82% 8.15 100%
NGC1983 6.65 44% 6.74 31% 6.46 64% - - - -
NGC1984 6.65 37% 6.90 12% 6.40 65% - - - -
NGC1994 6.65 38% 7.00 38% 6.64 40% - - - -
NGC2002 7.00 37% 6.82 58% 7.00 37% - - - -
NGC2011 6.65 26% 6.94 45% 6.46 52% - - - -
NGC2031 8.25 12% 8.36 45% 8.16 9% 8.34 38% 8.26 15%
NGC2065 7.95 26% 8.21 129% 7.96 29% 8.20 124% 8.15 100%
NGC2136 7.90 100% 8.16 263% 7.91 104% - - - -
NGC2155 9.20 37% 9.99 289% 9.16 42% 10.1 401% 9.20 37%
NGC2156 8.00 66% 7.96 51% 8.01 70% 8.04 82% 8.04 82%
NGC2157 7.85 78% 7.86 82% 7.81 62% - - - -
NGC2164 7.90 58% 7.86 45% 7.91 62% - - - -
NGC2172 7.55 41% 7.65 26% 7.60 34% 7.85 17% 7.78 0%
NGC2173 9.35 7% 9.41 23% 9.23 19% 9.55 70% 9.35 7%
NGC2213 6.80 99% 9.16 62% 6.80 99% 9.15 58% 7.78 93%
NGC2249 8.40 62% 8.61 38% 8.31 69% 8.70 24% 8.34 67%
SL234 7.80 32% 7.81 35% 7.81 35% - - - -
SL237 6.90 70% 6.90 70% 7.26 32% - - - -
Note.—
1 Predicted by Gonzalez Delgado et al. (2005) using K-S test
2 Predicted by GALAXEV using the χ2 minimization method
3 Predicted by GALAXEV using the K-S test
4 Predicted by MILES using the χ2 minimization method for clusters with CMD age equal to or greater
than log (Age/year) 7.78
5 Predicted by MILES using the K-S test for clusters with CMD age equal to or greater than log (Age/year)
7.78
Table 3
Reddening predicted by different model libraries using different statistical methods
Name E(B−V)1 Error E(B−V)2 Error E(B−V)3 Error E(B−V)4 Error E(B−V)5 Error
NGC1651 0.26 189% 0.00 -100% 0.29 222% 0.00 -100% 0.37 311%
NGC1711 0.09 -44% 0.02 -88% 0.05 -69% - - - -
NGC1839 0.04 -85% 0.00 -100% 0.01 -96% - - - -
NGC1850 0.11 -39% 0.06 -67% 0.08 -56% - - - -
NGC1856 0.12 -43% 0.12 -43% 0.15 -29% 0.10 -52% 0.13 -38%
NGC1863 0.10 -50% 0.05 -75% 0.06 -70% - - - -
NGC1870 0.06 -57% 0.02 -86% 0.03 -79% 0.01 -93% 0.04 -71%
NGC1894 0.26 160% 0.25 150% 0.24 140% - - - -
NGC1903 0.17 6% 0.06 -63% 0.15 -6% 0.06 -63% 0.06 -63%
NGC1983 0.08 -11% 0.00 -100% 0.22 144% - - - -
NGC1984 0.28 100% 0.00 -100% 0.42 200% - - - -
NGC1994 0.20 43% 0.05 -64% 0.25 79% - - - -
NGC2002 0.49 308% 0.26 117% 0.47 292% - - - -
NGC2011 0.26 225% 0.00 -100% 0.40 400% - - - -
NGC2031 0.00 -100% 0.00 -100% 0.04 -56% 0.00 -100% 0.01 -89%
NGC2065 0.15 -17% 0.04 -78% 0.13 -28% 0.04 -78% 0.06 -67%
NGC2136 0.13 30% 0.05 -50% 0.11 10% - - - -
NGC2155 0.00 -100% 0.00 -100% 0.00 -100% 0.00 -100% 0.01 -50%
NGC2156 0.03 -70% 0.00 -100% 0.02 -80% 0.00 -100 0.03 -70%
NGC2157 0.16 60% 0.14 40% 0.15 50% - - - -
NGC2164 0.01 -90% 0.00 -100% 0.00 -100% - - - -
NGC2172 0.12 20% 0.04 -60% 0.07 -30% 0.05 -50% 0.05 -50%
NGC2173 0.00 -100% 0.00 -100% 0.00 -100% 0.00 -100% 0.00 -100%
NGC2213 0.48 433% 0.00 -100% 0.49 444% 0.00 -100% 0.47 422%
NGC2249 0.12 1100% 0.00 -100% 0.16 1500% 0.00 -100% 0.14 1300%
SL234 0.04 -73% 0.01 -93% 0.01 -93% - - - -
SL237 0.26 53% 0.23 35% 0.34 100% - - - -
Note.—
1 Predicted by Gonzalez Delgado et al. (2005) using K-S test
2 Predicted by GALAXEV using the χ2 minimization method
3 Predicted by GALAXEV using the K-S test
4 Predicted by MILES using the χ2 minimization method for clusters with CMD age equal to or greater than log (Age/year) 7.78
5 Predicted by MILES using the K-S test for clusters with CMD age equal to or greater than log (Age/year) 7.78
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the correlation between the ages obtained using
GALAXEV using the χ2 minimization method
versus the CMD ages. The correlation coefficient
is 0.93. Figure 5 shows the correlation between the
ages obtained using GALAXEV with the χ2 min-
imization method versus the ages obtained using
the model of Gonzalez Delgado et al. (2005). The
correlation coefficient is 0.96. The difference in
the predicted log (age/year) by the two models for
50% of the clusters is less than 0.05. We expect the
deviating clusters at around log (age/year) 6.7 and
8.1 to correspond to differences in the treatment
of these models of the Red Supergiants phase, and
the onset of the AGB, respectively.
The results obtained using the K-S method
with the GALAXEV model and the percentage
errors are listed in columns 6 and 7 of Tables 2
and 3. Figure 6 shows the correlation between the
ages obtained using the K-S test versus the ages
obtained using the χ2 minimization method. The
correlation coefficient is 0.81.
The outlier is NGC2213, when removed from
the calculations the correlation coefficient is 0.94.
For this cluster, the χ2 minimization method pre-
dicts an old age with zero reddening, while the K-S
test predicts a young age with a high reddening.
Comparing the predicted ages with the CMD age,
we find that the χ2 minimization method predicts
a more accurate result for this cluster.
To test the effect of metallicity on our method,
we used the different metallicities provided by
this model, to compare the ages obtained by each
metallicity. Figure 7 shows the age prediction
using different combinations of metallicity as in-
dicated in the key. The blue stars show log
(age/year) obtained using metallicity Z= 0.0001
versus log (age/year) obtained using metallicity
Z= 0.0004. The red circles show log (age/year)
obtained using metallicity Z= 0.0001 versus log
(age/year) obtained using metallicity Z= 0.004.
The green squares show log (age/year) obtained
using metallicity Z= 0.0001 versus log (age/year)
obtained using metallicity Z= 0.008 and so on.
The dashed lines represent the upper and lower
limit of the range of ages within log (age/year)
0.5. 369 values out of 405 lie within that range,
that is 91%. Few outliers are noted for the young
clusters. Most outliers are for the older clusters
(log (age/year) > 9) where the age/metallicity de-
generacy is noticeable. For the oldest ages (log
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Fig. 3.— The correlation between the ages ob-
tained using the K-S method and the CMD ages.
The correlation coefficient is 0.78. The red dashed
line is the fit line. See the text for a discussion
about the outlier. The dashed lines represent the
upper and lower limit of the range of ages within
log (age/year) 0.5.
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Fig. 4.— The correlation between the ages ob-
tained using GALAXEV with the χ2 minimization
method versus the CMD ages. The correlation co-
efficient is 0.93. The red dashed line is the fit line.
The dashed lines represent the upper and lower
limit of the range of ages within log (age/year)
0.5.
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Fig. 5.— The correlation between the ages ob-
tained using GALAXEV with the χ2 minimiza-
tion method versus the ages obtained using the
model of Gonzalez Delgado et al. (2005). The cor-
relation coefficient is 0.96. The red dashed line is
the fit line. The dashed lines represent the up-
per and lower limit of the range of ages within log
(age/year) 0.5.
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Fig. 6.— The correlation between the ages ob-
tained using the K-S test versus the ages ob-
tained using the χ2 minimization method with
GALAXEV model. The correlation coefficient is
0.81. The red dashed line is the fit line. The
dashed lines represent the upper and lower limit
of the range of ages within log (age/year) 0.5.
(age/year) > 9.5) most points are outliers which
mean that our technique is not very suitable for
these old clusters. Our method is applicable to the
young (age/year) < 9) clusters but not appropri-
ate as the age/metallicity degeneracy becomes too
relevant, preventing us to assume a metallicity.
4.2. MILES
MILES website allows choosing the preferred
model configuration. Any configuration desired
can be easily imported into ASAD2. We chose the
models that employ the Girardi et al. (2000) theo-
retical isochrones (Padova00) and Salpeter (1955)
IMF converted to the observational plane on the
basis of extensive stellar photometric libraries and
the MILES stellar spectral library. A particu-
larly important peculiarity of the MILES spectra
for this work is its excellent flux-calibration qual-
ity and good parameters coverage. ASAD2 first
groups models with the same metallicity together,
then extracts the flux and stores it for the cor-
responding wavelength, one flux column for each
age4.
The ages are converted into log (age/year) and
rounded to two decimal points. Note that the
ages provided by the model start at log (age/year)
7.78, which is relatively large compared to the
other models. Another option is to start with
7.4 when using the model version based on BaSTI
isochrones. We chose the Padova library for uni-
formity (with the other models used in ASAD2).
The ages increase in step size of roughly 0.055.
The results and the percentage errors are listed
in columns 8 and 9 of Tables 2 and 3 for the χ2
minimization method.
Figure 8 shows the correlation between the ages
obtained using MILES with the the χ2 minimiza-
tion method versus the CMD ages. We excluded
the clusters with a CMD age younger than log
(age/year) 7.78 (12 clusters of our sample). The
correlation coefficient is 0.92. Figure 9 shows
the correlation between the ages obtained using
MILES versus the ages obtained using the model
of Gonzalez Delgado et al. (2005). The outlier is
4In the MILES model, the flux values are divided into sep-
arate files based on the model’s metallicity, age, and IMF
slope. The values of the metallicity, age, and IMF slope
are encoded in the name of each file
5For the LMC clusters we used the fixed metallicity Z =
0.008 (represented by [M/H] = - 0.4 in the model library)
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NGC2172. Gonzalez Delgado et al. (2005) pre-
dicts a log (age/year) 6.8 while MILES predict a
log (age/year) 7.85. MILES prediction is closer
to the CMD age of this cluster (log (age/year) =
7.78). Figure 10 shows that there is another close
possible solution around log (age/year) 7.5. The
outlier in Figures 9 shows that MILES chooses the
older option among the two possible ones, which
cause the two models to disagree for this particular
cluster. Figure 11 shows the correlation between
the ages obtained using MILES versus the ages
obtained using GALAXEV. The correlation coef-
ficient is 0.99 when excluding the young clusters.
It is worth mentioning here that the spectral
resolution of the model is greater than that of the
clusters. We used a resolution of 3A˚ for the model
to make it similar to the resolution used with the
previous models (to make the comparison consis-
tent). To test our results, we did the fits again us-
ing the resolution of the model that matches the
data (3.6A˚ for SOAR data and 14A˚ for Blanco
data as described in Asa’d (2014)), the results are
almost identical as shown in Figure 12. The out-
lier is NGC1856 observed with Blanco.
The results obtained with MILES using the K-S
test and the percentage errors are listed in columns
10 and 11 of Tables 2 and 3. Figure 13 shows the
correlation between the ages obtained using the
K-S test versus the ages obtained using the χ2
minimization method. The correlation coefficient
is 0.80. NGC2213 is an outlier. When compared
with the CMD ages the χ2 minimization method
gives a better prediction.
As we did with GALAXEV, we use the differ-
ent metallicities of MILES to compare the ages ob-
tained by each metallicity. Figure 14 shows the age
prediction using different combinations of metal-
licity as indicated the in key of the figure.
The blue stars show log (age/year) obtained us-
ing metallicity Z= 0.0001 versus log (age/year) ob-
tained using metallicity Z= 0.0004. The red cir-
cles show log (age/year) obtained using metallic-
ity Z= 0.0001 versus log (age/year) obtained using
metallicity Z= 0.004. The green squares show log
(age/year) obtained using metallicity Z= 0.0001
versus log (age/year) obtained using metallicity
Z= 0.008 and so on. The dashed lines represent
the upper and lower limit of the range of ages
within 0.5 log (Age/year). 261 values out of 270
lie within that range, that is 96.7%. We conclude
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Fig. 7.— Age prediction using different combina-
tions of metallicity as indicated in the key. See the
text for more details.
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tion is noticed around log (age/year) 7.5
 6
 6.5
 7
 7.5
 8
 8.5
 9
 9.5
 10
 6  6.5  7  7.5  8  8.5  9  9.5  10
M
I
L
E
S
 
l
o
g
 
(
a
g
e
/
y
e
a
r
)
GALAXEV log (age/year)
Fig. 11.— The correlation between the ages ob-
tained using MILES versus the ages obtained us-
ing GALAXEV when using the χ2 minimization
method when excluding the clusters younger than
log (age/year) of 7.78. The green dotted line is
the fit line.
 7.5
 8
 8.5
 9
 9.5
 10
 7.5  8  8.5  9  9.5  10
A
c
t
u
a
l
 
R
e
s
o
l
u
t
i
o
n
 
l
o
g
 
(
a
g
e
/
y
e
a
r
)
Resolution 3A log (age/year)
Fig. 12.— The results obtained using a fixed reso-
lution for the model higher than that of the data,
compared to the results obtained when matching
the resolution of the model to that of the data.
10
that metallicity does not strongly affect the age
determination for this method for log (age/year)
< 9.5.
Figure 15 shows the average absolute values
of the difference in log (age/year) obtained using
the different metallicities of both GALAXEV and
MILES. The figure shows three main ranges. For
young cluster (log (Age/year) < 7.4) the average
age difference is less than 0.1. For intermediate
ages (7.4 < log (Age/year) < 8.8) the average dif-
ference is around 0.2. Finally for ages > 8.8 the
average difference is > 0.35. Except for two out-
liers, the average difference in log (Age/year) ob-
tained by different metallicities with MILES is less
than that seen for GALAXEV.
4.3. Dependance on Age, S/N and Reso-
lution
To better understand the difference in the re-
sults obtained by the two statistical results for
both GALAXEV and MILES we investigate the
dependance of this difference on three factors: age,
S/N and resolution.
Figure 16 shows the absolute values of the dif-
ference in log (age/year) obtained using the two
statistical methods (KS method - χ2 minimiza-
tion method) versus CMD log (age/year). The
least difference is seen for intermediate ages 7 <
log (age/year) < 8.5.
Figure 17 shows the absolute values of the dif-
ference in log (age/year) obtained using the two
statistical methods (KS method - χ2 minimization
method) versus S/N. The difference vary for S/N
< 60 and it is minimum for S/N > 60.
Figure 18 shows the average absolute values
of the difference in log (age/year) obtained us-
ing the two statistical methods (KS method - χ2
minimization method) versus resolution element
in angstroms (FWHM) available. For GALAXEV
the difference decreases as the resolution increase.
For MILES the difference is the same for the two
resolutions 14A˚ (FWHM) and 17A˚ (FWHM).
4.4. Error Analysis
It is noted from the age values of Table 2 that
the ages predicted by the two models (GALAXEV
and MILES) when using either the χ2 minimiza-
tion method and the K-S test are mostly within a
range of log (age/year) 0.5. As a means to esti-
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using the χ2 minimization method for MILES
model. The correlation coefficient is 0.80. The
red dashed line is the fit line.
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mate the uncertainty in our aging method, we have
derived the relative error for each stellar cluster in
our sample using the equation:
Error = (
|(AgeCMD)− (Agepredicted)|
(AgeCMD)
). (1)
Here AgeCMD is the CMD age from the liter-
ature in years, Agepredicted is the age obtained in
this work in years. These values are presented for
each cluster in Table 2. There are few age pre-
dictions with percentage error greater than 100%.
For GALAXEV age predictions, there are three
clusters that have percentage error greater than
100% regardless of the statistical method used,
and three clusters for which the percentage error is
greater than 100% for the age predicted by the χ2
minimization method, while the age predicted by
the K-S test is closer to the correct value. Overall
ASAD2 can predict good age estimates for unre-
solved clusters.
5. Reddening
The main goal of the paper is to analyze the
age determination for different models using dif-
ferent statistical methods. Although age and red-
dening are not physically related, the shape of the
integrated spectrum for a cluster depends on both
age and reddening. It is noted from Table 3 that
the predicted reddening values when using the χ2
minimization method are within the range found
in the literature for resolved clusters (i.e: < 0.35),
however the K-S test can predict E(B−V) values
as high as 0.49 when constraining the upper limit
to 0.5. Greater values are obtained when increas-
ing the upper limit (see Section 2 for a discus-
sion on NGC2002). Determining the reddening
is not easy for unresolved clusters. In this sec-
tion we analyze the reddening predictions obtained
by ASAD2 using the χ
2 minimization method as
shown in Figure 20. The percentage error for the
reddening determination is listed in Table 3. We
used the equation:
Error = (
|(E(B − V )Lit.)− (E(B − V )pred.)|
(E(B − V )Lit.)
).
(2)
Where E(B-V)Lit. refers to the literature value and
E(B-V)pred. refers to the predicted value in this
work.
To understand the correlation between the red-
dening prediction as a function of age, we plot
in Figure 21 the difference in reddening values
(our predicted values - literature values) versus the
CMD age. For MILES we excluded the clusters
with CMD age younger than log (age/year) 7.78.
Both Figures 20 and 21 show that our method
underestimates the values of the reddening ex-
cept for 4 intermediate-age clusters. NGC2002
has a CMD log (age/year) 7.20 and a literature
reddening 0.12 while GALAXEV predicts a log
(age/year) 6.82 with a reddening of 0.26. SL237
has a CMD log (age/year) 7.43 with a literature
reddening 0.17 while GALAXEV predicts a log
(age/year) 6.90 with a reddening 0.23. For such
young age regime the rapidly varying spectrum
shape as a result of the supergiants contributions
around log (age/year) 7.0 is scattering both the
age and reddening estimates. This effect should
be better seen in the red part of the spectrum.
We examined this by obtaining the age estimates
when using the blue part of our spectrum (3626 −
4700 A˚) and the red part of the spectrum (4700
− 6230 A˚)) separately. Figure 19 shows the clus-
ters that have a difference in the age prediction
between the two spectral ranges larger than 0.5 as
a function of CMD age. The clusters showing the
largest age difference are located around the su-
pergiants contribution, at either side of the AGB
peak around log (age/year) 9.0 and around log
(age/year) 7.8. We can conclude that the sharp
spectrum transition originated at these ages are
limiting our ability to provide values in agreement
with the CMD estimates and as a result the red-
dening determination is not accurate.
6. Discussion on Specific Clusters
In this section we discuss the details of four spe-
cific clusters of different ages, ranging from CMD
log (age/year) 6.86 to 9.32. The full images are
available as supplementary online material with
this paper.
6.1. NGC1994
NGC1994 is a young cluster with a CMD log
(age/year) 6.86. Figure 22 shows the plots ob-
tained by ASAD2 for this cluster. The left col-
umn shows the results of the χ2 minimization
method and the right column shows the results
13
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Fig. 20.— The correlation between the redden-
ing obtained using the χ2 minimization method
with both GALAXEV and MILES models versus
the literature values. Note that only clusters older
than log (age/year) 7.78 were included for MILES.
of the K-S test. The curves show the match be-
tween the dereddened observed integrated spec-
trum of NGC1994 and the best GALAXEV model.
We notice an offset between 4100A˚ and 4300A˚ for
both statistical methods. The surface plots rep-
resent the inverse of all the possible solution for
age-reddening combination. We notice that the
results of GALAXEV show a range of possible so-
lutions for the reddening (with log (age/year) of
7) when using the χ2 minimization method, and
a range of close solutions between reddening of
0.23 and 0.30 and log (age/year) 6.5 and 6.7. As
discussed in the previous section, we do not show
the results from the MILES models as they cannot
predict such young ages.
6.2. NGC2002
NGC2002 has a CMD log (age/year) 7.20. Fig-
ure 23 shows the plots obtained by ASAD2 for
this cluster. GALAXEV cannot produce a perfect
spectral match because of the shape of the con-
tinuum of the observed spectrum. NGC2002 has
an even greater flux offset between model and ob-
served spectrum than NGC1994 because it has a
worse S/N. The surface plots of GALAXEV show
a range of possible solutions, the χ2 minimization
solution is not unique (global minimum). Again
we do not show the results from the MILES mod-
els as they cannot predict such young ages.
6.3. NGC2249
NGC2249 has a CMD log (age/year) 8.82. Fig-
ure 24 shows the plots obtained by ASAD2 for
this cluster. The χ2 minimization method predicts
ages closer to the CMD value. The K-S method
predicts younger ages with greater reddening.
6.4. NGC2173
NGC2173 has a CMD log (age/year) 9.32. Fig-
ure 25 shows the plots obtained by ASAD2 for this
cluster. The spectra show good match. The sur-
face plots show that the solutions are unique (only
one dark red region) but not precise (the dark red
region has an extended area).
7. Summary
In this paper we presented ASAD2 which is the
updated version of ASAD Asa’d (2014). We used
14
it to conclude the following points:
1.Unlike the χ2 minimization method, the K-S
method can predict reddening values higher than
the values accepted for the LMC clusters. For one
of the clusters in the sample, it also fails to break
the age/reddening degeneracy.
2. Metallicity does not strongly affect the age de-
termination for the full spectrum filling method
regardless of the model used for log (age/year) <
9. We are developing our method for older clus-
ters, where the age/metallicity degeneracy is sig-
nificant. For young cluster (log (Age/year) < 7.4)
the average age difference when comparing the age
prediction of different metallicities is less than 0.1.
For intermediate ages (7.4 < log (Age/year)< 8.8)
the average difference is around 0.2 and for ages
> 8.8 the average difference is > 0.35. In general,
the average difference in log (Age/year) obtained
by different metallicities with MILES is less than
that seen for GALAXEV.
3. There is a strong correlation between the ages
predicted by Delgado model and GALAXEV. The
difference in the predicted log (age/year) by the
two models for 50% of the clusters is less than
0.05.
4. There is a good agreement between the ages
predicted by MILES and GALAXEV for ages
greater than log (age/year) of 7.78, but because
MILES does not have predictions for younger ages
the estimated young ages don’t match those of
GALAXEV.
5. When comparing the results obtained with
MILES models using a fixed resolution higher than
that of the data, to those obtained when match-
ing the MILES resolution to the data resolution,
we notice that the results are almost identical.
6. When comparing the age prediction difference
of |(KS method - χ2 minimization method)| versus
CMD log (age/year), the least difference is seen for
intermediate ages 7 < log (age/year) < 8.5.
7. When comparing the age prediction difference
of |(KS method - χ2 minimization method)| ver-
sus S/N, the difference vary for S/N < 60 and it
is minimum for S/N > 60.
8. When comparing the age prediction difference
of |(KS method - χ2 minimization method)| versus
resolution (FWHM), for GALAXEV the difference
decreases as the resolution increase. For MILES
the difference is the same for the two resolutions
14A˚ (FWHM) and 17A˚ (FWHM).
9. The sharp spectrum transition originated at
supergiant and AGB ages are limiting our ability
to provide values in agreement with the CMD esti-
mates and as a result the reddening determination
is not accurate.
We thank Adnan Shahpurwala who carefully
ran the Windows version of ASAD2 and com-
pared the results. His availability to always help is
highly appreciated. We thank the anonymous ref-
eree for providing constructive comments for im-
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Dr. Santos and Dr. Palma for allowing us to use
their integrated spectra for 7 clusters. This mate-
rial is based upon work supported in part by the
FRG14-2-05 Grant P.I., R. Asa’d from American
University of Sharjah. We also acknowledge sup-
port from grant AYA2013-48226-C3-1-P from the
Spanish Ministry of Economy and Competitive-
ness (MINECO).
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Fig. 22.— Results for NGC1994. The left column
shows the results of the χ2 minimization method
and the right column shows the results of the K-S
test.
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Fig. 23.— Results for NGC2002. The left column
shows the results of the χ2 minimization method
and the right column shows the results of the K-S
test.
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Fig. 24.— Results for NGC2249. The left column
shows the results of the χ2 minimization method
and the right column shows the results of the K-S
test.
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Fig. 25.— Results for NGC2173. The left column
shows the results of the χ2 minimization method
and the right column shows the results of the K-S
test.
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